Germination of Amaranthus rctroflexus L. seeds imbibed at 40 C is enhanced by establishing the active form of phytochrome before a reduction in temperature to <32 C. The half-time for effectiveness of the lower temperature is about 8 min at 15 C. Isolated membrane fragments of A. retroflexus seeds associated with the fluorescent probe 1,8-anilino-naphthalene sulfonate (ANS) increase in structural order as the temperature is lowered through the 32 C region. The germination response is decreased by the membrane-disruptive substances tris, octonoate, and ethanol. The results show that phytochrome activity is associated with an organized membrane. By using ANS with membrane fragments from Setaria faberi Herrm. seeds, leakage of amino add was found to be enhanced at temperatures >32 C by a transition in the plasmalemma.
lots of seeds with silica for 3 min in 3+3+3 ml of 2 mm Kphosphate buffer (pH 7). The 30-min centrifuge pellets below 3,000g were discarded. Those between 3,000 and 24,000g (90-min spin) were suspended in the buffer with or without 40 Mm ANS. The sodium salt of ANS was prepared by recrystallization of technical grade material from acetone. Membrane samples for fluorescent measurements were transferred to an Aminco fluoro-microphotometer having a temperature-regulated sample holder. A heating rate of about 1 C/min was adopted after preliminary tests at rates of 0.5 to 2 C/min were found to give similar results. Excitation was at 366 nm and fluorescence was measured at >430 nm. Several cooling curves in which rates were somewhat irregular gave results similar to those on heating (results not shown). Observations in a temperature series were made on duplicate samples and all series were replicated three or more times. The procedures and ancillary tests with ANS followed those used by Miller and St. John (8) .
Establishing the far red form (Pfr) of phytochrome prior to a reduction in temperature enhances the germination of Amaranthus retroflexus L. seeds (13) . We find that the upper temperature limit for the enhancement corresponds to a transition in the structure of isolated membrane fragments associated with the fluorescent probe, ANS.1 A membrane transition is also involved in the prominent increase in amino acid leakage across the plasmalemma of many seeds (4) as tested here for Setaria faberi.
MATERIALS AND METHODS
A. retroflexus (redroot pigweed) and S. faberi (giant foxtail) seeds were collected locally and held in dry storage at -20 C. Duplicate lots of 100 seeds of A. retroflexus were imbibed in darkness for 24 to 72 hr on filter paper in covered Petri dishes at 40 C. They were treated as indicated in several replicated experiments and returned in darkness to 40 C for 2 or RESULTS AND DISCUSSION A. retroflexus seeds after imbibition for 72 hr at 40 C contain sufficient Pr, the biosynthesis of which preceded in darkness, to respond in germination to <2% transformation of Pr to Pfr before a temperature reduction of short duration (13) . Germination results for changes from 40 C to various lower temperatures for 2 hr are shown in Figure 1 with FR irradiation adequate to establish the PrtPfr photoequilibrium (about 2% Pfr) immediately before or after the change in temperature. It is evident that the enhanced germination depends on the presence of Pfr during the period at the lower temperature, which must be at <32 C. The 32 C region is also where rates of amino acid leakage increase rapidly with ascending temperatures for 7 of 10 kinds of seeds previously tested (4). These included S. faberi but not A. retroflexus seeds (note Figs. 1 and 3 ). The plasmalemma is necessarily involved when leakage is displayed.
The half-time for effectiveness of the reduction in temperature on A. retroflexus seeds is about 8 min (Fig. 2 (Table II) . (Table III ). An interpretation of the several observations follows. Membrane association of phytochrome for action is now considered as probable (3, 7, 12 Pfr is associated with membranes and observations with a fluorescent membrane probe might be pertinent (note refs. 5, 9, 10 for discussion of such a probe). cellular cytosol to its region of membrane association and action. This region is poorly organized at 40 C and requires the high level of Pfr afforded by R radiation to promote the germination response. On lowering the temperature to 32 C, increased organization of the lipid in the membrane sets in (6, 9, 10, 15) , to which the ANS probe is sensitive. Separation of Pfr on or into the membrane involved is even more sensitive than is the probe. This is indicated by Pfr action which is enhanced by the order of 30-fold in several degrees below 32 C over the action at 40 C. The half-time for the Pfr action in association with the membrane is the order of 8 min at 15 C. This period also possibly involves some of the time required for germination responses other than to Pfr action. It is possible, moreover, that after being established the association will persist on return to 40 C. Such behavior is in keeping with immunological observations on the binding of Pfr in discrete regions of parenchymal cellular membranes of oat coleoptiles (7, 12) .
Plots of ANS fluorescence versus 1/T for membrane fractions from A. retroflexus and S. faberi clearly show abrupt changes in slopes (Fig. 4) near 20 and 32 C. The change in slope at 32 C corresponds closely with the region of rapid enhancement of amino acid leakage from S. faberi and other seeds (4 These membranes show transitions at 15 and 28 C. The mitochondrial membranes, moreover, undergo transitions in the membrane-associated succinate oxidase activities at these temperatures.
